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Abstract: We report the study and demonstration of a new laser pulse shaping system capable 
of generating linearly polarized picosecond laser pulses with variable temporal profiles 
including symmetric intensity distributions such as parabolic, flattop, elliptical, triangular, as 
well as non-symmetric distributions, which are highly desired by various applications. It is 
found that both high transmittance and high stability of the shaped pulse can be achieved 
simultaneously when crystals are set at a specific phase delay through fine control of the crystal 
temperature. Although multi-crystal pulse stacking with different configurations were reported 
before particularly for flattop pulse generation, this new configuration leads to new 
opportunities for many potential applications over a wide range of laser wavelengths, pulse 
repetition rate, time structures and power levels. A practical double-pass temporal shaping 
configuration that significantly reduces the number of crystals is also proposed in this paper as 
a result of this work. 
 
1. Introduction 
 
Temporal laser shaping is highly desirable in a wide variety of fields and applications. For 
example, laser pulses with a parabolic shape can be used to minimize the spectral ripple and 
wave breaking in super-continuum generation(SCG) in optical fibers, leading to spectrally flat 
and highly coherent super-continuum pulse [1, 2]. With its unique properties, parabolic pulses 
are also important in ultra-short pulse generation [2, 3], fiber amplifiers [4], optical 
regeneration[5], pulse retiming [6], spectral compression [7], and mitigation of linear waveform 
distortions [8],  etc.. The triangular or sawtooth pulses are highly desired for many applications 
including time domain add-drop multiplexing [9], wavelength conversion [10], optical signal 
doubling [11], time-to-frequency mapping of multiplexed signals [12], etc.. In the field of 
particle accelerators, shaped laser pulse with flattop, in particular 3D ellipsoidal intensity 
distribution can significantly reduce the emittance of electron beams [13, 14], rendering much 
desired beam brightness improvement that is otherwise impossible. Besides those conventional 
pulse shapes, other laser pulse shapes are also useful, for example, double pulses with tunable 
temporal spacing and amplitude ratio can significantly improve laser ablation quality on 
metals[15]. 
Laser pulse shaping appears to be more difficult in the picosecond regime than other time 
regimes, as the widely used spectral-domain shaping such as grating-based shapers or acousto-
optic programmable dispersive filter(DAZZLER) designed primarily for femtosecond pulses 
wouldn’t work in this case due to the requirement on broader laser spectral bandwidth. On the 
other hand, pulse shaping from nanosecond to millisecond timescales is generally realized by 
acousto-optic or electro-optic systems which nevertheless are not fast enough for picosecond 
laser pulse shaping [16]. Several methods have been proposed for narrow spectrum picosecond 
pulse shaping, such as the use of superstructured fiber Bragg gratings [17], interferometer-like 
structures with beam splitters [18] and cascaded birefringent crystals of different length with 
two orthogonally polarized combs of pulses [13], just to name a few. However, none of these 
previously demonstrated techniques allow for practical optical arbitrary waveform generation 
(OAWG) for narrowband picosecond laser pulses. Will, et.al used multiple birefringent crystals 
and polarizers with Solc fan filter structure to generate flattop pulse [19]. Zhang, et.al recently 
reported a fiber-based arbitrary temporal picosecond laser shaping technique intended for laser 
material processing that once again involves strongly-chirped broadband seed pulses and relies 
on fairly complicated time-frequency manipulation. In addition, the liquid crystal controller can 
not be directly used for high power lasers [16]. There are also other efforts for temporal shaping 
of picosecond lasers [20, 21]. However, laser shaping by these methods is inflexible in the 
practice as it has to deal with precise adjustment of an array of different optical paths, and is 
sensitive to mechanical or thermal perturbations. Moreover, such kind of shaping methods are 
basically intended to produce only a few limited number of pulse shapes [22]. 
In this paper, we present a new pulse shaper that is based on Solc folded filter concept [23] 
to produce picosecond laser pulses with various profiles and linear polarization. The shaper 
consists of multiple birefringent crystals and polarizers for generating desired pulses with 
basically any predefined shapes through coherent pulse stacking. This shaping system features 
good long-term stability, is directly applicable to narrow spectrum picosecond pulses, easy to 
operate and to be automated, capable of shaping pulses over a wide wavelength range from IR 
to UV at any repetition rate and time structure, and is suitable for high power lasers without the 
need of manipulating the oscillators or amplifiers in the laser system, which tends to causes 
instability. 
 
2. Experiment and results 
 
Figure 1 shows the optical configuration of the variable laser pulse shaper. Two polarizers #1 
and #2 are aligned with their polarization direction crossed to each other. Eight birefringent 
crystals of identical thickness are placed between polarizer #1 and #2. All of the crystals are a-
cut, i.e. the optical axis of each crystal is parallel to its surface. The 8 crystals are arranged in 
such a way that the equation  Θ" = (−1)" ()*+ + 90/ is satisfied, where Θ" is the angle between 
the optical axis of the n-th crystal and the polarization direction of the input polarizer #1, 𝑁 is 
the total number of the crystals and 𝑛(= 1,2,⋯ ,𝑁) stands for the crystal sequence number. 
Each input pulse is split into two replica pulses after passing through one birefringent crystal, 
one being ordinary (o) light pulse and one extraordinary (e) light pulse, with a time delay 
introduced between o and e pulses due to their group velocity difference in the birefringent 
crystal. In total there are 28 mutually delayed replica pulses after the 8-th crystal. After 
travelling through the output polarizer #2, these replica pulses interfere with each other and 
form a laser pulse with a pre-defined shape. 
 
 
Fig. 1. The optical layout of the multiple birefringent crystal shaper used for pulse shaping in 
this paper. Θ"  is the angle between the optical axis of the n-th crystal and the polarization 
direction of the input polarizer #1. 𝜑" is the crystal phase delay of the n-th crystal.  
 
In this work, eight YVO4 crystals were used for shaping 532nm picosecond laser pulses. 
The thickness of each YVO4 crystal is 3.3mm. The end surfaces of the crystals were anti-
reflection coated at 532nm with a residual reflection less than 0.1%. Each individual crystal is 
housed in a crystal oven and its temperature can be independently controlled from 40oC to 
180oC with an accuracy of 0.1oC. Due to different thermal optical coefficients between o and e 
light beams and thermal expansion in the crystal, the crystal phase delay can be fine-tuned 
between 0 ~ 2π rad by adjusting the temperature of each crystal, which can strongly influence 
the interference among the replica pulses upon exiting the output polarizer #2. The phase delay 
of each single crystal, which determine the phases of the replica pulses, is defined as 𝜑 =2𝜋(𝑐𝑇/𝜆 − ⌊𝑐𝑇/𝜆⌋), where symbol ⌊	⌋ means an operation that omits decimal and only keeps 
integer (e.g., ⌊10.8⌋ = 10), 𝑇 = 𝑙|1/𝑣C,/ − 1/𝑣C,D| is the time delay between the o and e pulses 
after passing through one crystal, 𝑐 is the speed of light in vacuum, 𝜆 is the laser wavelength,  𝑙 is the crystal length, and 𝑣C,/ and 𝑣C,D are the group velocities of o and e pulses in a YVO4 
crystal, respectively. Therefore, the phase difference introduced between o and e beams after 
passing through one crystal is 𝜑 + 2𝜋⌊𝑐𝑇/𝜆⌋. Each crystal oven is mounted on a kinematic 
rotation stage, providing pitch, yawn and continuous 360o rotation adjustments around the laser 
beam propagation axis. The input and the output polarizers are two identical Glan polarizers 
with an extinction ratio on the order of 105:1.  
Under the condition that all the crystals are of equal thickness and introduce the same time 
delay T, the 2+ replica pulses exiting the shaper can be arranged into 𝑁 + 1 groups with equal 
group delays 𝑚 ∗ 𝑇,𝑚 = 0,1,⋯ ,𝑁 [24], to form 𝑁+ 1 replica pulses. Since YVO4 is positive 
uniaxial crystal, the group velocity of the e beam is smaller than that of the o beam in the crystal. 
When crystal sequence number n is an odd (even) number, increasing Θ"  would decrease 
(increase) the amplitude of the n-th and the (n+1)-th replica pulses at the same time increase 
(decrease) the amplitude of all other 𝑁 − 1 replica pulses, and vice versa. Based on these rules, 
by rotating the crystals with respect to the laser propagation axis, the relative amplitudes of 
these 𝑁 + 1 replica pulses can be flexibly adjusted to generate output pulses with basically any 
predefined shape.  
 
 
Fig. 2.  Optical layout of the experimental setup including a cross correlator for pulse temporal 
profile measurement. M1: dichroic mirror，M2～M7：high reflectors, W: half-wave plate, P: 
polarizer (a variable beam splitter is formed by the combination of W and P). 
 
Figure 2 depicts the experimental setup used for generation and measurement of the shaped 
pulses. The laser used in the experiment is a commercial fiber laser operating at 1064nm and a 
repetition rate of 8.125MHz. A LBO second harmonic generator converts the near IR beam to 
532nm beam. The 532nm pulses possess a near Sech2 temporal profile with 6.5ps (FWHM) 
pulse width before entering the pulse shaper. A portion of the residual 1064nm beam was 
coupled into a single mode polarization maintaining fiber to broaden the pulse spectral width 
(FWHM) from 0.26nm to about 5nm through the Self Phase Modulation (SPM) effect, and 
subsequently compressed by a grating compressor [25], resulting in much shorter sub-
picosecond probe pulses needed for measuring the temporal intensity envelope of the shaped 
532nm pulses by cross correlation between the shaped 532nm pulses and the precisely 
synchronized 1064nm probe pulses. The nonlinear crystal in the cross-correlator is a 2mm thick 
BBO crystal. The pulse width of the probe pulse was monitored by another commercial auto-
correlator. The setup described here allows to measure the envelope of the shaped pulses in real 
time with sub-picosecond temporal resolution. 
To achieve both high transmittance and high stability, the temperature of each crystal needs 
to be carefully adjusted to set each crystal phase delay close to π before shaping the laser pulses, 
since the initial crystal phase delays of eight YVO4 crystals are randomly distributed between 
0 ~ 2π in the beginning. The output pulse from the shaper appears periodic with respect to the 
crystal phase delay. Within one period, increasing or decreasing all the crystal phase delays 
away from π would reduce the beam transmittance through the shaper. Crystal phase delay near 
0 rad would significantly reduce the shaper transmittance to nearly zero. In the experiment, a 
3.3mm long YVO4 crystal required a temperature variation of roughly about 36oC to shift the 
crystal phase delay by 2π for 532nm laser. Since the crystal temperature control precision is 
0.1oC in our setup, the crystal phase delay can be adjusted with high resolution of about 
0.0056π.  
The adjustment of rotation angles Θ" (𝑛 = 1,2,⋯⋯ ,𝑁) for each crystal was accomplished 
in two steps. First, we rotated the crystal optical axes approximately to the calculated rotation 
angles as shown in Table 1 which gives the rotation angle corrections of the crystals for pulses 
of different shapes with all crystal phase delays set to π. Due to inevitable error in the crystal 
fabrication process such as the crystal cut angle, crystal length, inaccuracies on setting the 
crystal rotation angles and temperature, etc., the measured output pulse profile generally 
appeared close to the predefined shape, but not exactly the same. Nevertheless this provided a 
very good starting point and allowed us to further optimize each crystal rotation angle Θ" to 
adjust the output pulse shapes until they match the pre-defined target shapes with the help of 
real time cross correlation measurement.  
 
Table 1. Calculated rotation angle corrections 𝚫𝚯𝒏 for different output pulse shapes, where 𝚫𝚯𝒏 = 𝚯𝒏,𝒕𝒖𝒏𝒆𝒅 − [(−𝟏)𝒏 𝟒𝟓𝒐𝑵 + 𝟗𝟎𝒐] . All the crystals in the shaper are a–cut YVO4 with 
identical thickness of 3.3mm and phase delay set to π rad. The input pulse profile is a Sech2 
distribution, with 6.5ps FWHM pulse width and 532nm wavelength. 
 
Crystal sequence 
 number 
 ∆Θ"(Deg) 
Different 
 shapes 
1 2 3 4 5 6 7 8 
Parabolic 1.8 -2.05 1.05 -0.75 0.75 -1.05 2.05 -1.8 
Flattop -1 0.4 -4.05 5.45 -5.45 4.05 -0.4 1 
Elliptical 1.65 -2.1 2 -1.52 1.52 -2 2.1 -1.65 
Triangular 0.4 -1.7 -1.3 3.2 -3.2 1.3 1.7 -0.4 
Sawtooth-I 1.4 -4.4 -1.2 -2.7 -2.5 -1 -1.3 2.2 
Sawtooth-II -2.2 1.3 1 2.5 2.7 1.2 4.4 -1.4 
 
Several output pulse profiles measured after the shaper are shown in Figure 3, including 
parabolic, flattop, elliptical, triangular, and sawtooth shapes. The shaped pulse profiles are in 
good agreement with the predefined target profiles and are very smooth, which can be primarily 
attributed to the fact that the time delay T = 3.4ps of each crystal is much shorter than the input 
pulse width (6.5ps) and all the crystal phase delays were equally set to π. The total transmittance 
of the shaper typically is about 20%, depending on the specific output pulse shape. Taking into 
account of the reflection loss and absorption on each element in the system, the total 
transmittance could be over 30%, and our calculation shows it is even possible to reach 40~50% 
for most pulse shapes under optimal condition. We believe the crystal parameters including 
fabrication tolerance, etc., may be responsible for the loss. The intensity modulation in the 
flattop region of the flattop pulse is only about 0.92%(rms), which could be further reduced 
through a finer optimization of the crystal rotation angles. The leading and falling edges of the 
shaped pulses are primarily determined by the input pulse width and profile. One way to make 
the profile edge of the shaped pulse closer to the desired ideal geometrical shapes is to use 
shorter input pulse and more crystals although the pulse shapes in Figure 3 are satisfactory for 
many practical applications. 
 
 
 
Fig. 3. Results of both the measured (blue lines) and the calculated (red solid lines, 
corresponding crystal rotation angle corrections are listed in Table 1) pulse profiles after the 
shaper, (a) Parabolic, (b) Flattop, (c) Elliptical, (d) Triangular, (e) Sawtooth-I, (f) Sawtooth-II. 
Black dashed curves are theoretically calculated 8+1 replica pulses. Green dash-dotted lines are 
the ideal parabolic and elliptical shapes. Birefringent elements in the shaper are identical. See 
detailed description in the text. 
 
The stability is very important for pulse shaping system that determines its ultimate 
usefulness but was unfortunately seldom mentioned in the works previously reported by others 
in literature. By experience we know the pulse profiles from the popular birefringent crystal 
shaper scheme without temperature control tends to change noticeably over time [26] and has 
limited its applications in particular in scientific research. To check the shaped pulse stability 
of the shaper in our experiment, the phase delays of all the crystals were tuned to π by adjusting 
crystal temperature. The target pulse profile was then achieved by rotating the crystals with 
respect to the beam propagation axis. During a 8-hour continuous operation, the pulse shape 
stayed nearly constant as an example can be seen from the recorded data in Fig.4(a) for a 
triangular pulse. The beam transmittance through the shaper also remained unchanged, staying 
at about afore-mentioned 20% level, which indicates that the shaper has an excellent long-term 
stability. It was found this high degree of stability is primarily due to the fact that crystal phase 
delays were fine tuned and maintained through precise control of the crystal temperature, and 
were all set to π, which makes the system insensitive to the temperature fluctuation. Fig4(b) 
shows the calculated triangular pulse profiles with all the crystal phase delays set to 𝜋, 0.98π, 0.96π, 0.94π, 0.92π, and 0.9π, which corresponds to crystal temperature changes by  
0oC, 0.36oC, 0.72oC, 1.08oC, 1.44oC, and 1.8oC, respectively. The specific crystal rotation angle 
corrections for the calculated triangular pulse profiles are listed in Table 1. When the 
temperature of the crystal changed by 0.36oC, the relative peak intensity change with all the 
crystals phase delays set to 𝜋, 0.98π, 0.96π, 0.94π, and 0.92π are about 0.7%, 2.1%, 3.4%, 
4.7%, and 6%, respectively. The effect of the crystal temperature fluctuation upon the shaped 
pulse is negligible when all the crystal phase delays are set to π. However, the shaped pulse 
profile changes more and more noticeably as crystal phase delay wanders away from	𝜋 with 
the same amount of temperature variation, as shown in Fig.4(b). The reason behind the fact that 
the excellent temperature stability was achieved when all the crystal phase delays were set at π 
can be simply explained by the coherent stacking process as follows. The laser pulse intensity 
of the superposition of any two replicas 𝐸_(𝑡) and 𝐸a(𝑡) of the input pulse is 𝐼_a(𝑡) = 𝐸_c(𝑡) +𝐸ac(𝑡) + 2𝐸_(𝑡)𝐸a(𝑡)𝑐𝑜𝑠	(𝜑′_ − 𝜑′a), where 𝐸_(𝑡) and 𝐸a(𝑡) are the fields of the j-th and k-th 
replicas of the input pulse (𝑗, 𝑘 = 1,2,⋯ , 2i), and 𝜑′_ and 𝜑′a are the phases of the j-th and k-
th replicas, respectively. Assuming all the crystal phase delays (𝜑) are the same, the 𝜑′_, 𝜑′a 
and phase difference ∆𝜑′ = 𝜑′_ − 𝜑′awould be the product of an integer and 𝜑. When all the 
crystal phase delays are set to π, where 0 rad is not selected for which makes the beam 
transmittance of the shaper nearly to zero, the magnitude of the partial derivative of the 𝐼_a(𝑡) 
with respect to ∆𝜑′ would land at a minimum, i.e. zero. Therefore, at this point the influence of 
the phase difference (∆𝜑′) change induced by the temperature fluctuation of the crystal over 
the intensity of the stacked pulse is the smallest.  
 
     
 
Fig. 4. (a) Recording of measured triangular pulse shapes at different times during 8-hour 
continuous operation when each crystal phase delay was set to π. (b) Calculated triangular pulse 
profiles with all the crystal phase delays set to 𝜋, 0.98π, 0.96π, 0.94π, 0.92π,  and 0.9π , 
respectively. The specific crystal rotation angle corrections for the calculated triangular pulse 
profiles are listed in Table 1. The crystals and the input pulse are the same as those in Table 1. 
3. Further Discussion 
 
With 8 crystals, many different shaped pulses can be produced stably and reproducibly with 
our shaper. To obtain more complicated pulse shapes, more crystals maybe needed, but would 
not noticeably increase the complexity of the adjustment process and operation of the system. 
It is necessary to mention that the YVO4 crystal is transparent from 0.4 to 5𝜇𝑚. For UV laser 
shaping, other popular crystal such as BBO with extended shorter wavelength transparency 
down to 0.19𝜇𝑚 may be chosen. According to the calculation, one way to further increase the 
beam transmittance through the shaper is to increase the ratio T1/T , where T1 is the pulse width 
of the input laser pulse.  
For a given crystal phase delay variation ∆𝜑 , the corresponding crystal temperature 
variation is inversely proportional to the crystal length. Therefore, shapers using shorter crystal 
may also have better temperature stability. However, the actual crystal length needs to be 
considered together with other factors such as the pulse duration of the input pulse and output 
pulse, and the total number of crystals, etc..  
Our simulation also reveals an interesting phenomenon as follows. If Θ" (𝑛 is the crystal 
sequence number) is denoted as the crystal rotation angle setting of the shaper system, then a 
shaper with −Θ"  crystal rotation angle setting would produce the same output pulse as those 
with Θ"	angel setting, as shown in Fig.5(a) and (c), or Fig.5(b) and (d), respectively. The shaper 
with Θ" ± 90/  crystal rotation angle setting would generate mirrored output pulses with 
respect to those with ±Θ"  angle setting, as shown in Fig.5(a) and (b), or Fig.5(c) and (d), 
respectively. This is equivalent to a situation when positive uniaxial crystals (e.g. YVO4) are 
replaced by negative uniaxial crystals (e.g. BBO). The specific crystal rotation angle values for 
the sawtooth pulses in Fig.5 are listed in Table 2. These characteristics show that the shaper 
can be configured into four different layouts to serve different application purposes. 
 
 
 
 
Fig. 5. Calculated (red solid lines) sawtooth pulses of the shaper with crystal rotation angles set 
at (𝑎):	Θ", (b): Θ" − 90/, (𝑐):−Θ", and	(d): −Θ" + 90/,	 respectively. The specific crystal 
rotation angle values for different sawtooth pulses in this figure are listed in Table 2. Black 
dashed curves are theoretically calculated 8+1 replica pulses. The crystals and the input pulse 
are the same as those in Table 1. 
 
 
Table 2. Calculated crystal rotation angles (𝚯𝒏,𝒕𝒖𝒏𝒆𝒅) for sawtooth pulses of the shaper with crystal 
rotation angles set at	𝚯𝒏, 𝚯𝒏 − 𝟗𝟎𝒐, −𝚯𝒏, 𝐚𝐧𝐝	 − 𝚯𝒏 + 𝟗𝟎𝒐 , respectively. The crystals and the 
input pulse are the same as those in Table 1. 
 
Crystal rotation  
angles  
   		Θ",uv"Dw(Deg)  
      Crystal  
sequence number 
Θ" Θ" − 90/ −Θ" −Θ" + 90/ 
1 85.775 85.775 - 90 -85.775 -85.775 + 90 
2 91.225 91.225 - 90 -91.225 -91.225 + 90 
3 83.175 83.175 - 90 -83.175 -83.175 + 90 
4 92.925 92.925 - 90 -92.925 -92.925 + 90 
5 81.875 81.875 - 90 -81.875 -81.875 + 90 
6 94.625 94.625 - 90 -94.625 -94.625 + 90 
7 83.075 83.075 - 90 -83.075 -83.075 + 90 
8 97.825 97.825 - 90 -97.825 -97.825 + 90 
 
From Table 1, we see that the above-mentioned single pass shaper can be converted into a 
new type of double pass shaper as shown in Fig.6, which has the advantage of drastically 
reducing the crystal quantity by half and ensuring the same symmetrical output pulse as those 
from the single pass shaper in Fig.1. If we follow the beam propagation direction and divide 
the total number of crystals into the first half (1 to 4) and the second half (5 to 8), for a double 
pass shaper the output polarizer and the second half of the crystals in the single pass shaper can 
be simply replaced by a retro-reflector and an quarter-wave-retarder (QWR). The fast or slow 
axis of the QWR should be aligned with the polarization direction of the input polarizer. The 
combination of retro-reflector and QWR work as a half-wave-retarder to rotate the polarization 
planes of all replica pulses and return the laser beam back on the same beam path. On the return 
pass, the replicas travelling backwards see the shaper the same way as they would go forwards 
through the second half of the crystals in the single pass shaper. The shaped pulse would then 
be conveniently kicked out by the same input polarizer upon its return. In other words, each 
crystal is used twice and only half number of crystals are needed, rendering both simplicity and 
cost reduction.  
 
 
Fig. 6.  The optical layout of an efficient double pass birefringent crystal shaper. Θ" is the angle 
between the optical axis of the n-th crystal and the polarization direction of the input polarizer. 𝜑" is the crystal phase delay of the n-th crystal. Θx, representing the angle between the fast or 
slow axis of the QWR and the polarization direction of the input polarizer, is 0o for this double 
pass shaper. 
The shaper described in this paper has distinctive features in contrast with other type of 
shaping devices. Due to the passive and static nature, it applies to lasers with any pulse 
repetition rate and time structure. The high damage threshold of the crystals and other optics 
used in the shaper allows laser pulse shaping under high power. Compared to typical pulse 
stacking methods [20, 26], the shaper reported here is insensitive to mechanical perturbations 
and temperature fluctuation, which is imperative for practical applications in particularly in 
high precision scientific research projects. This feature can be attributed to the fact that the fine 
tuning of the crystal phase delays is realized on an interferometric scale through precise control 
of the crystal temperature rather than splitting and combining multiple beams that are highly 
susceptible to misalignment [20, 21], and all the crystal phase delays are set to π. Although the 
initial input pulses have Sech2 distribution, laser pulses with other shapes, such as Gaussian, 
Lorentzian, etc., can also be used with this shaper to generate laser pulses with various pre-
defined temporal shapes. Moreover, the laser shaping scheme presented here is applicable to 
shaping even sub-picosecond laser pulses and to generating longer shaped laser pulses over 
100ps. The system alignment and tuning of the crystals are relatively straightforward, the 
shaping process is highly reproducible and apparently can be implemented automatically by 
computer control with better precision and less time.  
Another important feature of this shaper is that the shaped pulse from the shaper is linearly 
polarized with very high extinction ratio due to the use of Glan polarizers.  Linear polarization 
beams are highly desired in many applications, such as laser amplification in amplifiers, devises 
that need polarizing elements, electron guns with photocathode drive lasers, and nonlinear 
optical processes including SHG, SFG, FHG, and so on.    
 
4. Summary  
 
In summary, a birefringent crystal shaper capable of generating variable shape picosecond 
pulses with linear polarization has been demonstrated and its essential characteristics were 
explored. Laser pulse with parabolic, flattop, elliptical, triangular, and sawtooth shapes were 
produced experimentally and agree well with the theoretical prediction. High transmittance and 
high stability can be achieved simultaneously by setting each crystal phase delay to π through 
fine control of the crystal temperature. Optical transmittance of ~20% was achieved and further 
improvement can be made according to the calculation. The shaper shows very good long term 
stability and is particularly suitable for narrowband picosecond laser pulse shaping. This 
shaping scheme is robust, easy to use and to be automated, capable of shaping laser pulses over 
a wide laser wavelength range from IR to UV, any pulse repetition rate, any time structure, and 
is directly applicable to high power lasers. This work may open up new opportunities for many 
potential applications. Finally, a practical double-pass temporal shaping configuration is 
proposed and could significantly reduce the structure complexity and the cost of this type of 
shaping systems. 
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